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CHAPTER - 1 
INTRODUCTION 
The study of nuclear reactions induced by heavy-ions has 
become a rich and growing area of nuclear physics with the future 
possibilities in basic and applied fields. It requires instrumen-
tation that has become increasingly specialised and complex. 
During the last decade or so, at many laboratories heavy-ion 
accelerators have been established which are providing a variety 
of heavy-ion beams of energy upto several MeV/nucleon. There has 
been a renaissance in the field of nuclear physics since the 
availability of these accelerators. This coupled with the various 
detectors of the high resolution and tremendous advancement in the 
field of electronics has given rise to immense possibilities of 
new physics. Using heavy-ion accelerators, the research encompasses 
in the following areas: 
(i) Fusion of heavy nuclei 
(ii) Fission after fusion 
(iii) High spin states 
(iv) Study of nuclear matter in exotic conditions 
(v) Search for the island of stability beyond the known elements. 
Experiments with heavy-ions require elaborate magnetic 
spectrometers, gas-filled detectors, high performance gamma-ray 
• 2 • 
detecting systems etc. for doing meaningful work. 
In charged particle magnetic spectroscopy, the kinetic 
energy and identity of particles emitted from a reaction target 
can be measured with a magnetic spectrometer or with a AE-E 
counter telescope. In heavy-ion reactions there is a great pro-
fusion of emerging particles from the target and the particle 
identification by a gas or solid state detector often becomes 
difficult or impossible. In many of these reactions, particularly 
in fusion reactions which is the dominant mode of reaction at 
heavy-ion accelerator energies, the majority of reaction products 
are emitted in a forward direction close to the beam. One needs 
to separate these products from the much more intense elastically 
scattered beam particles. The time of flight technique can be 
used to separate the reaction products. These reaction products 
are not only detected but also their energy, mass and charge are 
to be measured for their complete identification. Different 
instruments have been developed over the past several years to 
1 2 
resolve these and other related problems ' . 
Gas-filled detectors are the earliest types of nuclear 
radiation detectors. As the name suggests, these detectors function 
by generating an electrical signal out of the ionization produced 
in the gas of the detector by the interaction of the impinging 
radiation. They are broadly classified into three types:ionization 
chambers, proportional counters and Geiger-Muller (G-M) counters. 
A common feature of these detectors is that the sensitive volume of 
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the gas, where ionization is created by the radiation, is subjected 
to an electrostatic field generated by giving a suitable voltage 
difference between the two electrodes placed in the gas. 
Ionization devices have played an important role in nuclear 
physics since very early days, as the discovery of cosmic rays in 
1912, the demonstration of the existence of neutrons in 1932 and 
the measurement of the large energy release in nuclear fission in 
3 
1939 . Since then the development of gas detectors has been steady 
and continuous. In 1960s the advent of semiconductor detectors 
with superior energy resolution to gas detectors, slowed down the 
growth of these detectors. The main disadvantages of the semi-
conductor detectors are small size, difficulty, in the fabrication 
with a satisfactory degree of uniformity of thickness, sharp 
dynamic range and radiation damage from heavy-ions. Moreover the 
semiconductor detectors have a large pulse height defect for 
heavy charged particles like fission fragments with energy 
0.5-1.0 MeV/nucleon due to the dense plasma of charges liberated by 
such particles and the subsequent problem of charge collection. 
These defects make the use of semiconductor detectors for heavy-
ion transmission and total energy measurements rather limited. 
With the advent of heavy-ion accelerators, there has been renewed 
interest in gas-filled detectors which form important tools in 
the studies of heavy-ion induced reactions. 
Nuclear structure studies at high excitation energy and 
angular momentum are of great interest. Nuclear states with 
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high spin values can be reached by e i t h e r mu l t ip l e coulomb 
e x c i t a t i o n process or by fusion evaporat ion r e a c t i o n s , and both 
4 5 types of experiments have been c a r r i e d out in r e c e n t years ' . For 
the study of d e s c r e t e t r a n s i t i o n s from high spin s t a t e s severa l 
experimental techniques have been developed. Measurement and 
s e l e c t i o n of spin of nuc le i produced in heavy ion r e a c t i o n s has 
been poss ib le through s t ud i e s of both the t o t a l energy and m u l t i -
p l i c i t y of gamma-rays emit ted in these r e a c t i o n s . Development of 
la rge m u l t i - d e t e c t o r devices approaching 4ii-geometry f o r de t ec t ion 
of the gamma-ray cascades from high spin s t a t e s have been very 
f r u i t f u l in the s tud ies of nuc lear s t r u c t u r e physics . F i r s t 
7 8 
at tempts ' to measure the average number of gamma-rays following 
heavy-ion reac ' t ions were performed 'vith a s ing le gamma-ray d e t e c t o r 
or with two d e t e c t o r s in co inc idence . This was follov,/ed by m u l t i -
de tec to r arrangements in order to y i e ld information on the d i s t r i -
9 10 bution of the m u l t i p l i c i t y * . Such se t ups involved a se t of 
several Nal (Tl) counters in coincidence with a high r e s o l u t i o n 
Ge d e t e c t o r . Simultaneously Tjom e t a l . showed t h a t high spin 
s t a t e measurements can a lso be c a r r i e d out using t o t a l gamma-ray 
energy coun te r s , involving a few number of l a rge Nal d e t e c t o r s 
covering almost Asi so l id angle for gamma-ray d e t e c t i o n . During 
1980's a l a rge number of s e t ups have been cons t ruc ted to measure 
both the t o t a l gamma-ray energy and m u l t i p l i c i t y in heavy-ion 
r e a c t i o n s . The f i r s t f a c i l i t y c a l l ed the spin spectrometer was 
se t up a t ORNL, USA followed by the ' C r y s t a l b a l l ' a t the h'Pl, 
12 
Heidelberg . Both these systems use a large number Nal (Tl) 
• 5 • 
de tec to r s in a spher ica l she l l around the r eac t i on chamber to 
13 14 de t ec t the gamma-rays. Recent ly , a number of f a c i l i t i e s ' 
have been se t up in d i f f e r en t l a b o r a t o r i e s using much e f f i c i e n t 
BGO (bismuch germanate) d e t e c t o r s for gamma-ray m u l t i p l i c i t y and 
energy measurements in conjunction with a l a rge number of Compton 
suppressed HPGe de tec to r s for the d i s c r e t e gamma-ray s t u d i e s . 
These f a c i l i t i e s have r evo lu t ion i sed the area of d i s c r e t e - l i n e 
spectroscopy of nuc le i a t high spins produced in heavy-ion r e a c -
t i o n s . 
In the present work one Compton suppression system has been 
se t using a reverse e l ec t rode coaxial type HPGe de tec to r and a 
Nal (Tl) anti-Compton shie ld coupled with six photomul t ip l ie r tubes . 
The t e s t i n g of t h i s system was done using Cs, Co and 'Sla 
r a d i a t i v e sources . Both unsuppressed and suppressed spectra were 
taken. The performance was t e s t e d by measuring the Compton supp-
ress ion and over a l l suppression r a t i o s . The system was also t e s t ed 
by counting long l ived a c t i v i t y produced by 60 MeV alpha induced 
r eac t i ons in Yttr ium, Tantulum and Ir idium t a r g e t f o i l s and both 
unsuppressed and suppressed spec t ra were taken. And overa l l 
suppression r a t i o was a lso obtained in each case . 
The d e t a i l s of heavy-ion induced r e a c t i o n s , g a s - f i l l e d 
heavy-ion d e t e c t o r s and gamma de tec t ion array have been given in 
Chapter 2 , 3 and 4 r e s p e c t i v e l y . The s e t t i n g of the Compton 
suppression system and t e s t i ng of i t s performance are descr ibed 
in Chapter 4 . 
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CHAPTER - 2 
HEAVY-ION INDUCED REACTIONS 
2,1 Introduction 
During the last few years the acceleration of heavy-ions 
i.e. heavier than alpha particles has become possible to energies 
sufficient to enable them to surmount the Coulomb barriers of a 
range of target nuclei and many studies have been made of the 
ensuing reactions . Heavy-ion reactions show several character-
istic features that make them amenable to simple methods of analysis 
and sensitive to particular aspects of structure of nuclei. In the 
first place the Coulomb field is always important. For a nuclear 
reaction to take place the incident ion energy must be at least 
comparable with that of the Coulomb barrier. 
There are several types of heavy-ion reactions. Some of 
them viz. elastic scattering, inelastic scattering, compound 
nucleus reactions and transfer reactions are described here. 
2.2 Elastic Scattering 
The elastic scattering of an incident particle by a nucleus 
is the simplest of all nuclear interactions but by no means simple 
2 
process in heavy-ion collisions . It is basic because it accom-
panies any reaction and its thorough understanding is a pre-
requisite for a valid description of non inelastic scattering. 
: 8 : 
The elastic scattering takes place in the presence of many open 
reaction channels, especially in the region near and above the 
Coulomb barrier. The coupling between the elastic channel and 
individual reaction channel is often strong. Thus it may seem 
artificial to deal with elastic scattering in isolation; a coupled-
channels approach treating the strongest inelastic and rearrangement 
processes on an equal footing would be more appropriate. However, 
it is well known how to represent the feedback of such channels 
on elastic scattering by an effective interaction, at least in a 
formal way. An approximate treatment of effective interactions 
must be an integral part of describing heavy-ion scattering. The 
understanding of elastic scattering in its finer details in recent 
years has been going hand in hand with increasing knowledge about 
related reactions, revealing the close interrelation between all 
'quasielastic' processes in heavy-ion collisions. 
The study of elastic scattering provides basic information 
about the 'global' properties of the heavy-ion interaction i.e. 
interaction radii, critical angular momenta, surface diffusenesses 
and more detailed features of the effective ion-ion potential. 
This information is needed as input for the theoretical description 
3 
of quasielastic reactions . 
2,3 Inelastic Scattering 
At moderate energies, it is possible for collision of two 
nuclei that one or both of them to be raised to an excited state 
: 9 : 
without loss or gain of nucleons. This process of inelastic 
scattering is familiar from the studies of the interactions of 
nucleons and other light particles with nuclei, and may be treated 
by theoretical methods . Heavy-ion inelastic scattering differs 
principally by the greater influence of the Coulomb field and by 
5 
the possibility that both ions may be excited . 
At low energies the ions interact through their Coulomb 
fields. Because the probability of Coulomb excitation is propor-
tional to the product of the charges of the two ions, heavy-ion 
scattering constitutes the most efficient way of studying this 
process. The ions remain near each other for a relatively long 
time so that multiple excitation can occur, and observations of the 
cascade of gamma rays emitted as the nucleus returns to its ground 
state give a wealth of information on the nuclear structure. The 
heavy-ion inelastic scattering excites predominantly the collective 
nuclear states and provides one of the powerful ways of studying 
them. 
At higher energies the nuclear fields interact and the 
interaction time becomes less, so that nucleon transfer reactions 
also become possible and the multiple excitation probability fails. 
2.4 Compound Nucleus Reactions 
At low energies several nuclear reactions proceed by the 
capture of the incident particle by the target nucleus to form 
the compound nucleus. This is followed by the emission of one 
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or more particles after a time long compared with the transit 
time or gamma rays until the residual nucleus comes in its ground 
state ' . The compound nucleus is formed in an excited state and 
it decays by a statistical process that may be treated by the 
method of nuclear-thermodynamics. The compound nucleus energy 
is shared and reshared among its constituents until all memory of 
its mode of formation is lost, except that required by the conser-
vation of energy, angular momentum and parity. 
For light nuclei, it is possible for the compound nucleus 
to be excited to a single state at low energies, but in general 
this is not possible at higher energies because the energy separa-
tion of the states becomes rapidely smaller until it is less than 
the energy definition of the incident beam and also because until 
they overlap. Thus it is always necessary to consider the distri-
bution of compound states excited by the interaction process. If 
a nucleus is excited to an energy in the region of overlapping 
states, the interference between them destroys the independence 
between formation and decay and lead to the fluctuations in the 
cross-sections. Providing the energy resolution is greater than 
the mean width of the fluctuations. If these cross sections are 
averaged over the fluctuations the resulting cross-section varies 
g 
smoothly with energy and can be analysed by statistical theories , 
Compound nucleus reactions between heavy-ions are of 
particular interest because they provide the most efficient way 
of forming highly excited compound nuclei in high spin states. 
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Since severa l nucleons are involved the energ ies may be high 
without the high v e l o c i t i e s t h a t would tend to lead to d i r e c t 
r e ac t i ons without compound nucleus formation. Thus i t i s poss ib le 
to form exc i t ed compound nuc le i in heavy-ion r eac t i ons t h a t could 
only be formed in the r e spec t ive l i g h t ion r eac t i ons with a s soc ia -
ted d i r e c t i n t e r a c t i o n s t ha t would complicate the i n t e r p r e t a t i o n 
of the p rocess . And the high o r b i t a l angular momenta make i t 
poss ible to form compound s t a t e s of high sp in , and needed l i m i t a t i o n 
on t h e i r spin i s se t by dynamical f ac to r s but by the maximum angular 
momentum t h a t can be accepted by the compound system. This c r i t i c a l 
angular momentum plays an important ro le in c a l c u l a t i o n s of the 
c r o s s - s e c t i o n for compound nucleus r eac t i ons between heavy- ions . 
In heavy-ion r eac t i ons the high momentum t r ans fe r gives 
high r e c o i l v e l o c i t i e s t h a t make i t possible to determine the 
9 10 l i f e times of f i n a l nucleus s t a t e s by the r e c o i l d is tance method * 
or by the Doppler s h i f t a t t enua t i on method from the frequency 
s h i f t s of the de - exc i t a t i on of gamma r a y s . 
2 .5 Transfer Reactions 
The p resen t understanding of t r ans f e r r e a c t i o n s between 
heavy-ions has requi red a level of s o p h i s t i c a t i o n and complexity 
12 far beyond the e a r l y app l i ca t i ons of s emic l a s s i ca l models . For 
a given heavy-ion r eac t ion nuclear s t r u c t u r e and r e a c t i o n dynamics 
can be so in t ima te ly t i ed toge ther t ha t such a d iv i s ion of heavy-
ion science seems a r t i f i c i a l . The i s o l a t e d - nuc le i p r o p e r t i e s 
: 12 : 
determine the fundamental dynamics of the react ion. Indeed, 
i t may be extremely simple to believe that the propert ies of the 
nuclei will remain unaltered during a nuclear co l l i s ions . The 
problem of basic structure of low energy nuclear physics has been 
how nuclei change as one or two nucleons are subtracted or added 
from a given nucleus - core. Thus created pa r t i c l e s or holes 
in teract with each other and the core in several possible ways. 
Heavy-ion transfer reactions offer specific advantages over 
their l igh t - ion counterparts for the study of s tructure problem. 
There is a pronounced se l ec t iv i ty in the population of s ta tes 
corresponding to par t icular Q-values, and this combined with the 
ever-expanding variety of pro jec t i les allows a tuning of the 
reaction to a specific s ta te or exci tat ion region of i n t e re s t . 
Also, to focus on specific kinematical features of the react ion, 
the structure of the pro jec t i le can be used. 
The early work on the transfer reactions was based on 
models in which par t i c les are added to iner t nuclear core. These 
models explain the Q-value se lec t iv i ty of heavy-ion reactions and 
the general bell-shaped nature of the angular d i s t r ibu t ions . If 
the energy levels of the core and single pa r t i c le are close and 
the core s ta tes are easi ly excited, then residual s ta te may contain 
both core and s ingle-par t ic le components. Such a s tate can be 
populated in a variety of ways. 
Two-nucleon transfer reactions have seen effective tool 
: 13 : 
for studying the relationship between nuclear structure and 
reaction dynamics. A special complexity arise to the inclusion 
of core excitations, in the treatment of the mechanism for 
transfer. Early treatments considered the transferred nucleons 
as a single unit, frozen in specific configurations and transferred 
simultaneously. More recently, a sequential transfer mechanism 
i.e. one nucleon followed by the other has been considered. 
: 14 : 
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CHAPTER - 3 
GAS-FILLED HEAVY-ION DETECTORS 
3.1 Introduction 
Detection and spectroscopy of charged particles is an 
important area of radiation detection. While a variety of 
detectors have been designed and used for charged particles in 
nuclear physics research, for low energy light ions, the semi-
conductor detectors have almost replaced all the other detectors 
in view of their good energy resolution and simplicity of use. 
However, in the last few years, the need of these detectors have 
increased enormously. With the advent of heavy-ion accelerators, 
not only one needs to detect ions of much higher energies but 
also to count a widely differing species of ions making it nece-
ssary to evolve some scheme of mass and charge identification of 
the detected ions. There is also an increasing need for position 
sensitivity so that the detection can be carried out with a large 
geometrical solid angle without sacrificing angular resolution. 
Semi-conductor detector technology developments have indeed kept 
pace with these increasing demands. Silicon and germanium detec-
tors are now available in a large variety of sizes and types. 
Detecting telescopes, where one measures the differential energy 
loss of the ion in a thin detector of known thickness and the 
residual energy in a thick stop detectors have been developed 
which can provide charge and mass identifications of the detected 
: l b : 
ions. Also, there exis t several designs for posit ion sensi t ive 
detec tors . However, semiconductor detectors of large area and 
thickness place rather heavy demands on the silicon/germanium 
crys ta l quali ty and are therefore expensive. Also there are other 
problems associated v>/ith these detectors for heavy-ions such as 
radiat ion damage, significant pulse height defect , non-uniformity 
of thickness e t c . 
In view of the above, gas- f i l led de tec tors , though inferior 
of semiconductor detectors in terms of energy resolut ion, become 
competitive for heavy-ion detect ion. These detectors offer several 
advantages such as absence of radiat ion damage, good timing and 
pulse height cha rac te r i s t i c s , v e r s a t i l i t y in construction as 
regards to the size and shape, variety in the mode of operation 
e tc . as compared to the semiconductor de tec tors . These detectors 
are being used extensively in the heavy-ion laborator ies and they 
are used as ionization chambers, proportional counters and avalanche 
detectors depending on the type of the use they are put in to . To 
emphasize certain features of these detectors as heavy-ion detec-
to r s , some of them are described as follows: 
3.2 Split Anode Ionization Chamber 
With the advent of heavy-ion accelerators in the 1970s, 
the new techniques were developed to identify the products in a 
nuclear react ion. The technique was to measure the energy loss 
of the pa r t i c l e in the small thickness of the detector and measure 
the residual energy in a following detector . The f i r s t of this 
: 17 : 
type of the detectors was the split anode ionization chamber . 
A schematic drawing of a split anode ionization chamber is 
given in fig.l. The chamber can measure particle energy loss (AE) 
in a small gas thickness together with the residual energy (Ep^ ) of 
a heavy charged particle. The AE-Ep measurement is most easily 
done by splitting the anode electrode into two parts. The pulse 
from the first part gives information on AE, while the pulse 
from the back part gives on Ep., and (AE + E^ ) gives the total 
energy of the particle. The ratio between AE and £„ can be changed 
by employing the different lengths of the two parts of the anode 
or by changing the gas pressure. For good resolution with regard 
to the particle identification, the AE should be upto 50-7O/ of 
the total energy. 
For heavy-ion measurements pure methane is the best suited 
gas for the chambers as the stopping medium. In the chambers the 
entrance window should be thin and homogeneous to minimize energy 
loss in the entrance window and resolution loss due to the spread 
in the energy loss. This poses some difficulties as the entrance 
window has to support the gas pressure against the vacuum of the 
chamber when nuclear reactions take place. Thus a support grid 
is usually provided at the window with proper care that it does 
not disturb the electric field distribution inside the chamber. 
The useful features of an ionization chamber as A E / E detector 
for heavy ions can be summarized as follows . 
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Fig. 1. Schematic of 
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(i) The thickness of A E and Ej^  detectors can be easily adjusted 
by simply varying the gas pressure to suit the experimental 
conditions. 
(ii) The detectors of large area can be fabricated. 
(iii) The ionization chamber is free from the problem of radiation 
damage which becomes serious for heavy charged particles with 
semiconductor detectors. It is also relatively free from the 
pulse height defect problem, 
(iv) With simple additional features, the position information 
of the particle over a large angular range can be extracted. 
These chambers can also be employed in a back to back 
configuration to obtain simultaneously A E and E information on 
the pair of fission fragments. Such a detector system recently 
has been used to determine energy loss of fission fragments of 
selected mass and kinetic energies and for the measurements of the 
charge and mass distribution of the fission fragments of the 
3 
specified kinetic energies . 
3.3 Position Sensitive Ionization Chamber 
There are several characteristics of heavy-ion induced 
reaction. One of the main characteristics is the production of 
a wide variety of nuclei with different masses and charges. 
Therefore it is desirable to characterize these reactions by the 
measurements of the energy, the mass, the charge and the angle of 
emission of the reaction products. In recent years, in order to 
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achieve this a variety of gas detectors have been employed. Large 
area position sensitive ionization chamber is one of the important 
tools belonging to this class of the detectors. 
A schematic drawing of a position sensitive ionization 
4 5 
chamber is given in Fig.2. for use with heavy-ions ' . The 
chamber employs the entrance window supported by a wire mesh to 
withstand a pressure of upto one atmosphere. To realise fast 
signals methane is a suitable gas. This type of chamber is 
constructed as a twin chamber with a common cathode plate. Each 
side of the chamber has a Frisch grid, an anode plate which is 
subdivided to obtain both particle energy (AE) and residual energy 
(EQ) information. In this chamber, an additional electrode is 
introduced between the Frisch grid and the anode for the measuremei 
of polar angle 0. This 0-grid has wires arranged parallel to the 
direction of the incoming particle. The wires which are closest 
to the electron string of the track give induced voltage signals 
providing information on angle 9. The prompt signal induced on 
the cathode is used to provide a fast timing signal for time of 
flight measurements. The time difference between the onset of the 
anode signal and the cathode signal is used as a measure of the 
azimuthal angle (j). In this way the quantities A E , E, (j) and the 
time of flight are measured event by event and analysed. 
A position sensitive ionisation chamber for the detection 
of heavy-ions, developed by H. Sann et al . measures the energy, 
specific energy loss, the arrival time and two space coordinates 
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Fig. 2. Schematic of a P.osition sensit ive ionization chamber, 
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X and y of thG detected ion. The energy and time resolutions 
were obtained 68 keV and less than 2ns respectively for fission 
252 fragments of a Cf source. The active area of the on trans 
2 
window of the ionization chamber was kept 1.5x5.0 cm , but areas 
2 
upto about 10x50 cm are possible. 
For the use of a focal plane detector in a magnetic spectro-
graph, an another type of ionization chamber has been developed by 
Shapira et al . This heavy-ion detector consists of a gridded 
split anode ionization chamber with two position sensitive wire 
proportional counters. The chamber carries out simultaneous 
measurements of the total energy, energy loss, residual energy 
and of the position and angle of incidence at the focal plane 
for each detected ion. 
3.4 Multiwire Proportional Counter (MWPC) 
Proportional counters are very useful in measurement of low 
ionization and especially for low energy photon detection. In the 
case of heavy-ions, very shallow detectors are required and operated 
in the proportional mode for energy measurements. In a proportional 
counter the position sensitivity is achieved using a resistive anode 
wire and collecting the pulse at both ends of the wire using low 
input impedance pre-amplifiers. The sum of the pulse heights 
obtained at both ends is proportional to the energy, whereas the 
ratio provides the information on the position of the particle. 
For extensive studies in both heavy-ion physics and particle physics, 
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multiv^ ire proportional countors (MlVPCs) are used because of their 
unique capacity of position localization of incident ionizing 
particles with very good accuracy. 
The first MWPC was made successfully by Charpak and 
7 
Coworkers and since then many improvements have been done in 
their design. In a MWPC, an array of equally spaced thin wires 
is placed between two conductive planes serving as cathodes, so 
that each of the wires acts like an individual proportional counter. 
A schematic drawing of a MVvPC Is given in fig. 3. For proper ope-
ration, the anoJe vjire plane usually consists of gold plated tun-
gusten or molybdenum wires vji th a diameter of tens p,m and a spacing 
of few mms. The cathode-anode distance is kept at a few mms. The 
chamber is filled vdth a gas at a suitable pressure. A negative 
potential is applied to the cathode and the anode is grounded. The 
electrons of the primary ionization drift towards the wire which is 
closest and get multiplied in its vicinity. Knowing the pulse 
height distribution of the wires collecting the electrons, it is 
possible to determine accurately the position of the track along 
the lengths of the plane. The accuracy of the localization depends 
on the anode wire spacing. 
In recent few years, a variety of MWPCs have been developed. 
The attractive properties of low-pressure MWPCs open new prospects 
in the domain of heavy as well as light particle detection. Some 
of them are as follows: 
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( i ) A. Breskin e t al . developed a very low-pressure MWPC a t a 
gas pressure below 1 t o r r . A time r e s o l u t i o n of about 100 
1 ^ ps has been reached with 27 MeV 0 i o n s . They took t h i s 
for t i m e - o f - f l i g h t experiments , f i s s i o n fragment de tec t ion 
and energy measurements. 
Q 
( i i ) A. Breskin b u i l t a v e r s a t i l e and highly e f f i c i e n t heavy-ion 
i d e n t i f i c a t i o n system composed of var ious low pressure 
(0 .3-10 Torr) gaseous d e t e c t o r s . I t measures angular d i s -
t r i b u t i o n , energy loss and energy of one or two fragments 
in co inc idence . 
( i i i ) J . Van Der P l i c h t and A. Gavron developed a low-pressure 
MWPC for heavy-ion induced f i s s i o n fragment d e t e c t i o n . The 
2 
ac t ive area i s 8x10 cm . I t i s pos i t i on s ens i t i ve in two 
dimensions with a r e s o l u t i o n of b e t t e r than 1.5 mm. for 
both X and y. The time r e so lu t i on i s 175 ps . The de tec t ion 
can withstand count r a t e s g rea t e r than 100 kHz. 
11 2 
( iv ) C. Mazur and M. Ribrag descr ibed a 1.0x10 cm gas counter 
which i s able to provide two dimensional l o c a l i z a t i o n with an 
accuracy of 1 mm and 500 ps timing r e s o l u t i o n for 5.5 MeV 
a - p a r t i c l e s . The technology of t h i s de t ec to r i s in termedia te 
between p a r a l l e l p l a t e and MWPCs. I t i s operated under 
pressure of a few Torr of i sobutane . I t cons i s t s of a 
common cathode (1 .5 nm mylar f o i l ) loca ted between two 
p a r a l l e l planes or orthogonal wires ac t ing anodes. The 
e n t i r e de t ec to r i s enclosed in a conta iner with two 1.5 nm 
mylar f o i l windows. 
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3.5 Parallel Plate Avalanche Counter (PPAC) 
These counters have been developed since the early 1950s 
for precise timing measurements in nuclear physics. However till 
1970s their use was rather scare since the energy deposited in the 
detector was very low for light particles and semiconductor detec-
tors were better suited for the purpose. However with the advent 
of heavy-ion induced nuclear reaction studies the situation has 
changed. The serious disadvantages of semiconductor detectors 
like radiation damage, non-uniformity in the thickness of very 
thin detectors required for energy measurements and their small 
12 
size prompted the rapid development of PPACs 
The PPAC is essentially a transmission detector for charge 
particles. This counter operates in the proportional region and 
serves as an excellent timing detector for heavy-ions. A schematic 
drawing of a PPAC is given in fig. 4. A PPAC consists of two thin 
metallized foils held parallel to each other with a separation of 
1 or 2 mm. A suitable voltage is applied to the foils so as to 
operate the counter in the proportional region. The counter is 
filled v/ith a hydrocarbon gas at a reduced pressure. In this way 
large values of applied voltage/pressure can be achieved with a 
moderate applied voltage, so a large multiplication factor can 
be easily achieved. 
PPACs have high counting rate capability and they do not 
suffer from radiation damage. Moreover they can be built with 
large active area and are easily made position sensitive. A PPAC 
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Fig. 4. Schematic of a Parallel Plate Avalanche Counter (PPAC) 
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can be easily made position sensitive by placing a grid of wires 
between the cathode and anode foils. To minimize the distortions 
of the homogeneous electric field, the grid wire plane is kept at 
half of the cathode potential. This type of detector works like 
a normal PPAC except that a charge is also induced on the grid 
wire which is in the vicinity of the avalanche. This charge can 
be read by a delay line technique or charge division method 
to provide position information. 
In last few years PPACs have been widely used as fast 
14-21 timing detectors for heavy-ion nuclear physics research 
Some of them are as follows: 
( i) Y. dyal and H. Stelzer developed a PPAC v/ith an active 
2 
area of 8x10 cm for the detection of heavy-ions. It has 
x-y position sensitivity and can be used in a transmission 
mode. A better time resolution 180 ps has been obtained 
for heavy-ion ranging from krypton to uranium. The position 
resolution in the x and y coordinates is Ax = 2mm and 
Ay = 5 mm respectively. The detector housing has been 
designed carefully to minimize the absorption and scattering 
of gamma-rays and neutrons. 
1 p 
(ii) R.C. Jared et al. presented a new design for an x-y 
position sensitive avalanche detector. The design is based 
on charge division readout of resistive sheet electrods. 
The position resolution is less than 1 mm. It is operated 
in the transmission mode with a solid state E-detector 
behind it. 
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20 ( i i i ) J. Van Der Pl icht developed a PPAC for the detection of 
f ission fragments in pa r t i c le induced f iss ion react ions . 
2 I t s active area is 6x10 cm . I t i s posit ion sensit ive in 
one dimension with a resolution of 2,5 mm. I t can with-
4 stand a count ra te of 2.5x10 f ission fragments per sec. 
21 (iv) D. Fabris e t a l . have studied the prototypes of para l le l 
grid avalanche counter using as transmission time detector 
in heavy-ion experiments. I t s timing properties investiga-
ted using a-par t ic les and fission fragments as a function 
of the electrode mesh. Standard PPACs were used for 
comparison's sake. A time resolution of 200-300 ps was 
obtained for f iss ion fragments. 
: 30 : 
REFERENCES 
1. S.R.S. Murthy, Proc. of the Symp. on Nucl. Phys., Bombay, 
p.351 (1987). 
2. S.S. Kapoor andV.S. Ramamurthy, Nuclear Radiation Detectors, 
Wiley Eastern Limited, New Delhi, p.69 (1986). 
3. Rekha Govil, S.S. Kapoor, D.M. Nadkarni, S.R.S. Murthy and 
P.N. Rama Rao, Nucl. Phys. A410, 458 (1983). 
4. H. Sann. H. Damjantschitsch, D. Hebbard, J. Junge, D. Pelte, 
B. Povh, D. Schwalm and D.B. Iran Thoai, Nucl. Instr. and 
Meth., 124, 509 (1975). 
5. H. Stelzer, Lecture Notes in Physics, vol. 178, p.25, 
Detectors in Heavy-Ion Reactions (ed. W-Von Oertzen, 
Springer Verlag, Berlin, Heidelberg, New York, Tokyo (l983). 
6. H. Shapira, R.M. Devries, H.W. Fulbright, J. Toke and 
M.R. Clover, Nucl. Instr and Meth., 129, 123 (1975). 
7. G. Charpak, Ann. Rev. Nucl. Sci., 20, 195 (l970). 
8. A. Breskin, R. Chechik and N. Zwang, Nucl. Instr. and Meth., 
165, 125 (1979). 
9. A. Breskin, Nucl. Instr. and Meth., 196, 11 (1982). 
10. J. Van Der Plicht and A. Gavron, Nucl. Instr. and Meth., 
211, 403 (1983). 
11. C. Mazur and M. Ribrag, Nucl. Instr and Meth., 212, 203 (l983) 
12. S.R.S. Murthy, Proc. of the Symp. on Nucl. Phys., Bombay, 
p.383 (1987). 
: 31 : 
13. D.V. Harrach and H.J. Specht, Nucl. Instr. andMeth., 164, 
477 (1979). 
14. G. Hempel, F. Hopkins and G. 3chatz, Nucl. Instr. and Meth., 
131, 445 (1975). 
15. A. Breskin and N. Zwang, Nucl. Instr. and Meth., 144, 609 
(1977). 
16. Y. Hyal and H. Stelzer, Nucl. Instr. and Meth., 155, 157 
(1978) . 
17. H. Stelzer, Nucl. Instr. and Meth., 133, 409 (1976). 
18. R.C. Jared, P. Glaessel, J.B. Hunter and L.G. Moretto, 
Nucl. Instr. and Meth., 150, 597 (1978). 
19. A. Breskin and N. Zwang, Nucl. Instr. and Meth., 146, 461 (1977) 
20. J. Van Der Plicht, Nucl. Instr. and Meth., 171, 43 (1980). 
21. D. Fabris, G. Fortuna, F. Gramegna, G. Prete and G.V. Viesti, 
Nucl. Instr. and Meth., 216, 167 (1983). 
CHAPTER-4 
GA^ AMA DETECTION ARRAY 
4.1 Introduction 
The Thallium activated Sodium Iodide crystals have remained 
the gamma-ray detector of choice in several areas of nuclear physics 
research. While the use of Nal (Tl) for gamma-ray detection ushered 
the field of gamma-ray spectroscopy, the advent of high resolution 
Germanium detectors and their use in gamma-gamma coincidence tech-
niques have greatly expanded the scope of such studies and let to 
such interesting phenomena as backbending, peculiar to nuclei 
excited to high spins. In general, high resolution Ge detectors 
suffer from a poor peak-to-total ratio, with the result that the 
weak gamma-ray transitions often are not discernable above the 
background of Compton scattered events from either of resolvable 
lines or from higher energy gamma-ray continuum. To reduce such 
1-4 background problems , Compton suppression spectrometers with 
large crystals of Sodium Iodide as the Compton suppression shields 
have been developed. Recently, the use of a large number of Ge 
detectors together with multiplicity filters and/or total energy 
sum spectrometers have led to further advances in nuclear spectro-
scopy. Such a spectrometer consists of a large number of Nal(Tl) 
detectors closely packed in a A% arrangement. The pulse height 
for eacri element that triggered is recorded on an event by event 
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b a s i s . From t h i s information, i t i s poss ib le to derive the t o t a l 
gamma-ray energy and the gamma-ray m u l t i p l i c i t y with good r e s o l u -
t ion which i s d i r e c t l y r e l a t e d to the t r a n s f e r r e d angular momentum 
perpendicular to the d i r e c t i o n of the sp in . The power of the 
spectrometers can be s u b s t a i n t i a l l y improved by replacing some of 
the Nal (Tl) elements with germanium d e t e c t o r s . A need for a more 
dense s c i n t i l l a t i o n mate r ia l has been f e l t to bui ld up m u l t i p l i c i t y 
f i l t e r s of a la rge number of de t ec to r elements and to get an ade-
quate number of Compton suppressed Ge d e t e c t o r s close to the t a r g e t . 
More r e c e n t l y , the advent of BGO (Bismuth Germanate) gamma-ray 
de t ec to r s of acceptable s i zes and energy r e s o l u t i o n have f i l l e d 
t h i s requirement . Bismuth Germanate i s an i n e r t , c r y s t a l l i n e non-
hygroscopic i n t r i n s i c s c i n t i l l a t o r having a dens i ty 7.13 gm/cm , 
as compared to 3.6 gm/cm for Nal (Tl) and l i g h t output of about 
10-15>< of t h a t of Nal ( T l ) . 
4 ,2 Sodium Iodide Compton Suppression System 
A typ ica l Sodium Iodide Compton suppression system c o n s i s t s 
of two e lements . These are the Nal (Tl) annual guard de tec to r and 
coaxial n-type HPGe de t ec to r . The arrangement of these elements 
i s shown in f i g . 5 . The ind iv idua l elements w i l l be discussed in 
d e t a i l below. The p rope r t i e s of the elements are given in t ab le 1. 
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F i g . 5 . Schematic o f Compton supp ress ion sys tems. 
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Table 1 
Properties of the elements constituting the spectrometer. 
A. Guard Detector 
(i) Photomultiplier tubes 
(ii) Nal Resolution (FWHM) 
at 662 keV 137cs 
- Six 
B. Germanium Detector 
(i) Geometry 
(ii) Crystal dimensions 
(iii) Active area facing window 
(iv) Distance from window 
(v) Efficiency relative to 
2 
76 X 76 mm Nal at 25 cm 
for 1.33 MeV,^°Co 
(vi) Resolution (FWHM) at 
1.33 MeV, ^°Co 
- Reverse electrode 
closed ended coaxial 
- 50 mm diameter x 
39 mm long 
- 19.6 cm^ 
- 5 mm 
- 18>< 
- 2 keV 
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4.2.1 The Nal (Tl) Guard 
The suppression of compton events can only be as good as 
the ability of the guard detector to detect the scattered radiation. 
The effectiveness of the guard detector depends on its shape, size 
and material of construction all of which can vary greatly. Its 
efficiency depends on the density (rather Z) and the thickness of 
the material. Both Nal (Tl) and BGO guards have been widely used 
in Compton suppression systems. A cylindrical geometry is chosen 
so that a large number of detectors can easily be assembled around 
the target producing the gamma radiation. The system should give 
better suppression than the transverse design * except for the 
lowest energies in the gamma-ray spectrum. The guard comprises 
two parts, the main cylindrical body made from Nal and six optical 
separated pieces of Nal each viewed by a photomultiplier tube. 
4.2.2 The Ge Detector 
Modern large volume Ge detectors exhibit higher photo/ 
Compton (P/C) ratios without suppression than their earlier smaller 
predecessors. Ge detectors also generally have less dead material 
(no P-core) than Ge (Li) detectors and the dead Ge on the outside 
surface can be insignificant, as in the case of REGe (Reverse 
electrode Germaniun) detectors. All these factors lead to greater 
P/C ratios overall in Compton suppression system, although the 
suppression ratio may actually be diminished by the fact that 
there is less Compton scatter to begin with in the large volume, 
high performance detector. 
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The e f f e c t of the dead l a y e r i s s i m i l a r t o the e f f e c t of 
the d e t e c t o r h o l d e r , t h e end cap and the guard d e t e c t o r l i n e r . 
Al l t he se i n t e r v e n i n g l a y e r s of m a t e r i a l can s t o p the s c a t t e r e d 
photon be fo re i t r e a c h e s the a c t i v e guard m a t e r i a l . For th i s 
r e a s o n , t h e s e m a t e r i a l s should be t h i n and of low d e n s i t y . Alumi-
nium i s u s u a l l y the m a t e r i a l of c h o i c e , a l t hough magnesium and p l a -
s t i c s can be used in some a p p l i c a t i o n s . The i n t e r n a l d imens ions of 
the guard d e t e c t o r s h o u l d be s i z e d t o the r e q u i r e m e n t s of the Ge-
d e t e c t o r e l ement with minimum space between the two d e t e c t o r s in 
o rde r t o reduce the escape a n g l e . I t i s an i m p o r t a n t to use N- type 
r e v e r s e e l e c t r o d e c o a x i a l HPGe d e t e c t o r as the back of o u t e r dead 
l a y e r s on the Ge c r y s t a l i s v i t a l for good performance.,..,.,.Its p r o -
p e r t i e s a re g iven in the t a b l e 1. ft. 
4.2.3 Electronics configuration 
Compton s u p p r e s s i o n sys tems do not requii5""fB5"L 'tUning and 
f a s t c o i n c i d e n c e e l e c t r o n i c s in o rde r to p rov ide good s u p p r e s s i o n . 
Coinc idence r e s o l v i n g t imes of 0 . 5 to 1.0 ^is a r e more adequa te than 
c o n s i d e r i n g G e - d e t e c t o r s o p e r a t e t y p i c a l l y wi th a m p l i f i e r time 
c o n s t a n t s of 2-4 |a,s wi th r e s u l t a n t pu l se width (and dead t imes ) 
of 8-20 l i s . N e v e r t h e l e s s , some p r e d i c t a b l e and c o n s i s t a n t c o i n -
c idence ( a n t i - c o i n c i d e n c e ) e l e c t r o n i c s s e t up i s r e q u i r e d to ensu re 
good per formance . 
The e x p e r i m e n t a l s e t up used fo r t e s t i n g the performance of 
the sys tem i s i l l u s t r a t e d in f i g . 6 . I t c o n s i s t s of fo l l owing 
CANBilFihA u n i t s . 
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High Voltage Power Supply [3105] : It is particularly well suited 
for the use with high resolution detector systems. It withstands 
any overload or direct output short-circuit for nn indefinite pf^ riod 
of time and provide normal output after the ON-OFF switch is reset. 
Output voltage is continuously adjustable over the full range from 
0 to + 5000 volts. 
ScintillSition Preamplifier [2005] : It is a charge sensitive pre-
amplifier which collects the charge output from scintillation/ 
photomultiplier detectors for presentation to a pulse shaping main 
amplifier. For the typical application with input from the de-
coupled anode signal from a photomultiplier tube base, the pre-
amplifier generates a positive polarity energy pulse output. 
Spectroscopy Preamplifier [2002] : It is a low noise, high speed 
preamplifier designed for high resolution gamma spectroscopy and 
timing measurements using cooled Ge semiconductor detectors. The 
preamplifier converts the ionization charge developed in the 
detector during each absorbed nuclear event to a step function 
output pulse whose amplitude is proportional to the total charge 
accumulated in that event. 
Spectroscopy Amplifier [2021] : It provides in a double width 
module an exceptional spectroscopy amplifier and a gated active 
base time restorer. The amplifier's excellent dc stability, 
ultra load noise, broad gain range and wide choice of shapping 
time constant makes it ideally suited for applications involving 
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Germanium, cooled silicon, scintillation, Gas proportional and 
silicon charged particle detector. 
Edge/Cross Over Timing Single Channel Analyzer [2037] : It analyzes 
the peak amplitude of energy pulses from nuclear pulse shaping 
amplifiers for compliance with energy levels determined by front 
panel controls, and generates logic outputs which are time derived 
by the leading edge or cross over techniques. The unit thus com-
plines the conventional single channel analyzer function with that 
of an excellent timing analyzer. 
Delay Amplifier [1457] : It can delay logic or linear signals 
upto 4.75 microseconds in 0.25 microsecond steps. It has a gain 
of unity. The input signal may be of either polarity and an inver-
ted or non-inverted. 
Coincidence Analyzer [2040] : It accepts the outputs from energy 
analysis and time discrimination modules. It produces an output 
when all the coincidence inputs occur within the resolving time. 
Linear Gate and Stretcher [1454] : It provides a standarized 
optimum shaped outout for superior performance of a multichannel 
analyzer in high rate/high resolution nuclear spectroscopy. It 
includes a pulse stretcher, DC coupled linear gate, DC restorer 
and pulse pileup rejector. 
High Voltage Power Supply [3002] : It is a compatible high voltage 
power supply designed for operation with essentially all types of 
nuclear radiation detectors. Particularly well suited to high 
resolution system applications, the standard double-width module 
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provides a well regulated output upto 10 mA at 0 to 3000 V dc 
with extremely low ripple and noise content. 
4,2,4 System Performance 
The setting of said Compton suppression system was done 
oper] 
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1 "^ 7 AO 
properly. Its perform.ince has boen tested with Cs, Co and 
Na radioactive sources. For all suppression measurements, the 
system was assembled as shown in fig. 5 with a thick heavy metal 
collimator preventing direct radiations. The measurements carried 
out using standard CANBERRA electronics. 
Both (A) unsuppressed and (B) suppressed spectra for Cs, 
Co and Na sources are showin in fig. 7,8 and 9 respectively. 
All these spectra were taken for the same time 2000 sec. The 
results expressed in terms of Compton suppression ratio and overall 
suppression ratio parameters are given in table 3, using table 2 
for different Regions of Interest (ROIS). One result for another 
electronic configuration (i.e. the outputs of REGe and Nal exchan-
137 gad) is also given in table 3 and spectra in fig. 10 for Cs 
source. In this configuration suppression and overall suppression 
ratios are very large as compared with that of the previous confi-
guration. 
The system was also tested by counting long lived activity 
produced by 60 MeV alpha induced reactions in Yttrium, Tantalum 
and Iridiuntarget foils after about 65 days from the stop of the 
irradiation. The experiments were performed using the Variable 
£nergy Cylcotron at Calcutta. The irradiation of the target foils 
were done using the 'Stacked foil' technique. In this technique 
a number of target foils ore arranged to form a stack. Degrader 
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Table 2 
ROIS/Counts 
(A) For •'•^''cs : 
: 46 : 
ROI Integral counts (Channels) Unsuppressed Suppressed 
10752 
7069 
149413 
300-349 
600-649 
80-985 
31043 
29296 
424487 
(B) For ^ °Co : 
ROI 
(Channels) 
600-699 
1250-1349 
150-1775 
Integral 
Unsuppressed 
22586 
18094 
355688 
counts 
Suppressed 
7761 
4747 
121238 
99 
(C) For Na 
ROI 
(Channels) 
Integral counts 
Unsuppressed Suppressed 
250-349 
380-479 
1000-1099 
1480-1579 
150-740 
785-1.915 
41278 
38763 
6331 
7661 
180742 
66227 
13483 
10616 
2196 
1579 
71876 
21802 
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137 ( D ) For Cs (Another c o n f i o u r a t i o n ) 
ROI I n t e g r a l counts 
( C h a n n e l s ) Unsuppressed 
300-34 9 
600-64 9 
80-985 
ouporessed 
214/19 
23208 
293942 
1387 
1433 
19285 
Table 3 
Resul ts 
Sources 
P a r a m e t e r s 
137 Cs 
S u p p r e s s i o n 3 , 3 9 
r a t i o 
60 Co 22^, 137^ 
Na Cs 
Another Conf, 
3 .25 3 . 3 2 / 3 . 7 1 15 .84 
Over a l l 
Supp. r a t i o 2 . 8 4 2.93 2 .51/3 .04 15.24 
Where 
( i ) Suppression r a t i o 
_ Average unsuppressed i n t e g r a l counts per channel 
" Average suppressed i n t e g r a l counts per channel 
( i i ) Overa l l suppression r a t i o 
_ Unsuppressed i n t e g r a l counts per channel 
Suppressed i n t e a r a l counts per channel 
48 
foils can be used in between the target foils to obtain the 
desired projectile energies. A number of target foils can be 
irradiated to different projectile energies in a single run by 
using this technique. 
Both unsuppressed and suppressed spectra were taken in each 
case. These typical spectra are showin in fig. 11, 12 and 13 for 
Yttrium, Tantalum and Iridium target foils respectively. The 
overall suppression ratio was obtained in these cases as given in 
table 4. 
Table 4 
Target Integral counts from Ch.O to Ch.2047_ Overall 
foils Unsuppressed Suppressed suppre-
ssion 
ratio 
89^ 110069 ^1551 2.14 
^®^Ta 202714 99882 2.03 
Natural Ir 106777 49047 2.18 
For moderate incident energies, where scattered photons are 
of relativity low energy, the Nal (Tl) guard detector performance 
is well in comparison with a much more expensive BGO guard. Twelve 
Compton suppression systems wilj. be set at Nuclear Science Centre 
New Delhi, using BGO as Compton suppressor. These will form Gamma 
detection array for the study of heavy-ion induced reactions, 
: 49 
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of Y target by 60 MeV a-particles. 
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high spin states and exotic nuclei. Present study and setting of 
this type of system at Aligarh may be very helpful for the research 
workers doing experiments unlng heavy-ion machines and variable 
energy cyclotron. Long lived exotic nuclei and high spin states 
may be produced and brought to Aligarh for spectroscopic studies 
using coincidence technique and Compton suppression system. Per-
turbed angular correlation studies may be done for the study of 
hyperfine interactions in the internal magnetic field of host 
nuclei providing very high magnetic field. Thus present setup 
may be very useful for future research workers. 
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